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MANUALLY DIGITIZED RADAR GRIDS: A COMPAR|SON OF
RESOLUTION CAPABILITIES FOR A HEAVY RAINFALL SITUATION

NTRODUCT 10N

As communities expand and a larger percentage of the population moves
Inte rural areas, encroachment Into areas subject to flooding will
increase, The Natlional Weather Service (NWS) hvdrologic and radar
programs must Improve techniques in accurately locating and quickly
Identifying heavy ralnfall patterns to prevent loss of life,

One approach to this problem was the introduction of the Manually
Digitized Radar (MDR) Program (Moore, Cummings and Smith,” 1974). This
particular type of system enables forecasters and hydrologists fo keep
track of rainfall patterns by using a guantitative index. However, be-
cause of the inherent ambigulty of MDR data, refinement of that system
Is necessary In order fto increase Its reliability,

In this paper, a higher resolution grid, ~ 20 n mi (37 km) on a side,
is used in an attempt to locate a rainfall pattern with more precision
than is possible with the present system. Use of the smaller grid
should alsc provide a better basis for estimating the magnitude of the
rainfall in areas where rainfall data are sparse.

PROJECT STORM

The case examined In this study was the Pecos River Storm which occurred
on September 19, 1974, in a remote area of Southwest Texas, centered

near the town of Bakersfield (65 n mi [120 km] south of Midiand, Texas).
Rainfall at Bakersfield amounted fo [5.50 in (394 mm) from |300Z on the
[8th fo 1530Z on the [9th. However, the NWS cooperative observer at
Bakersfield s+tated that nearly all of the precipitetion fell befween

0C0Z and 1530Z on the 19th, and even though the rains were heavy they
fell at a relatively uniform rate. This is supported by the WSO Midland
radar overlays. Therefore, the time frame of this study will be 19/0000Z

to 19/1530Z.

The ensuing flood on the Pecos River was the second largest of this cen=-
fury, producing a crest of 22,15 ft (6,65 m) at Sheffield, Texas, with
an estimated flow of 53,000 cfs (1500 cms), This would later cause a
critical situation at Amistad Dam near Del Rlec, Texas.

RADAR CHARACTERISTICS OF THE PRECIPITATION

The storm was at all times under surveillance of the Midland WSR-57,
well within range of the radar,



In general, radar reports from Midland indicated heavy to very heavy
echoes scattered over an area about 100 mi (183 km) wide extending
from near Midland to about 40 mi (73 km) southwest of Bakersflield
(Fig. 1), during the time covered by this study. The general area

of precipitation moved very |iftle during the night, but individual
cells were moving from 190°-220° at 12-18 kts (22-33 km/hr) with an
average speed of |5 kts (28 km/hr). Maximum tops of the cells were
general ly 35- to 40,000 f+ (10,500-12,000m) but reached a maximum of
45,000 £+ (13,500 m) at 0734Z, [0 mi (18.5 km) southwest of Bakersfield,
The maximum intensity at any reporting time was a VIP 4 (indicating a
rainfall rate of 1-2 In/hr L25-51 mm/hr]), which occurred on several
occasions,

ANALYS1S OF STANDARD MDR SQUARES

The |6 one=hour MDR values were totalled for each square and plotted on a
gridded overlay (Fig. 2). Relatively large totals are located In the
second and third squares of the fourth row and In the second square

of the fifth row., This corresponds wel! with the area of heavy rain-

fall as depicted by the Isohyetal analysis in Fig., 3. However, the
ralnfall analysls indlcates that a large portion of fthe total area of

the three squares Involved did not receive excessive ralnfall., An

hourly breakdown of MOR data is given in Fig. 4,

Referring to Fig. 4, the persistence of VIP levels 3 and 4 (MDR code
numbers 4 and 6) in the two squares on the fourth row with large fotals
is quite pronounced. This is an indicator of the possibillty of large
rainfall amounts wlthin these squares. However {see Fig. 5) the even
code numbers reported indicate that echoes of intensity VIP 3 or greater
covered no more than half of the square. The present grid size, there-
fore, results in ambigulty with respect to the exact location of the
heavy rain.

ANALYS!S OF HIGHER RESQLUT|ION MDR SQUARES

The "standard" MOR squares were quartered in this study in order that a
higher resolution grid be obtained. After thls process was complteted,

MOR values were calculated (from the Midland WSO's original paper radar
overiays) in the same manner as is done for the normal size grid, using
the code in Fig. 5. For identification purposes, the rows in the higher
resofufion grid were assigned l!etter designators and the columns num=
bers. Also, in repletting the precipitation pattern on the small grid
overlays, VIP | echoes were omitted unless accompanied by VIP 2 or higher,

The MDR totals based on the new grid for the |6 one-hour observations
from 19/00007 tc 19/1530Z are plotted in Fig. 6. The highest totals for
the time period are confined primarily to three squares: D4, D5 and E3.
This also corresponds well with the isohyetal analysis In Fig. 7, Hourly
values for the higher resolution MDR sguares are shown in the digitized
echo log in Fig. 8.
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Fig. |. MDR overlay for WSR-57 at WSO, Midland, Texas delineating
area of study, Letter and number designaters for higher
resoluticn grid are in parenthesis.
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Fig. 2. Totals for the standard MDR grid of WSR-57 at WSO, Midtand,
Texas from 19/00007 to 19/1530Z,
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Fig. 3. lIsohyetal analysis of the Pecos River Storm superimposed on
the standard MDR grid. MOR totals are for time perlod
19/0000Z to 19/1530Z,
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Digitized Echo Log for WSR-57 at Midland, Texas for the

standard MDR grid.

19/1530Z,

CODE ¥O.

© @ g O th i Gy Do ka

VIA VIA VIA VIA

COVERAGE

Any
1/2
i/8
172
1/2
1/2
1/2
172
1/2

INTENSITY

Light
Moderate

Heavy
Very Heavy

Intense

Manually Digitized Radar (MDR) Code,

Time period September 19/C000Z to

RAINFALL RATE
{(in/hr.)
1
JI1-.5
5-1
1-2

2



1

-+

H Feaw Doyl

4 Jevw o .

i i
i s '
! Acult
=

Wommh‘?‘

"o Donngil

Snydir
a —

sanmingh
L3

~

HiM“nl o stl‘llw'\ho

Faihnily

L]
Rosco®

orpd @
[ " Lornmy

auh
el g

Ocopnomi

Fig. 6, Totals for the higher resolutlion MDR grid from
19/0000Z +o 19/1530Z.



& carden City
2.87

@ Monahanse L
0.40 Y

Sanderson
0.23‘@

Fig. 7. |Ischyetal analysis of the Pecos River Storm superimposed
on the higher resolution MDR grid. MDR totals are for
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Again, as noted in the analysis of the standard MOR data, VIP 3
and 4 echoes were quite persistent within the squares contalning
the heaviest preclpitation. This was especially true for square
4D,

COMPARISON OF THE TWO SYSTEMS

Comparing Fig. 3 and Fig. 7, It can be seen that the heaviest rain-
fall was confined fo fthree of the small squares, or a total of [200
sq mi {4100 sq km). The three large squares which included the
heaviest amounts comprised an area of 4800 sq mi (16,400 sg km) or
at least four times the actual rainfall area. Until a fully auto-
mated system is available, the length of +he messages to be trans-
mitted and the observer workload in coding more blocks must be
balanced against the desirabillity of optimum resclution. [t Is
evident, however, that definition of the precipitation pattern in
this case was greatly improved with the higher-resolution grid.

DETECTING HEAVY RAINFALL BY PERSISTENCE USING THE HIGHER=-RESOLUT{ON
GRID

The main objectives in using MDR data are fo galn an idea of the

areal coverage and duration of precipitation within a certain area

and put the data in the form of a quantitative Index. This, in fact,
is the only method which could be used in identifying the Pecos River
Storm, due to the sparse data network, Because of communications prob-
lems rainfall reports indicating the extreme precipitation amounts were
not received by WSFO Lubbock until some twelve hours after the begin-
ning of the storm. These were from Rankin (8,02 in [204 mm]) and
McCamey (6.70 in [170 mm]). The report of 15.50 In (394 mm) at
Bakersfield was cbtalned even later. Using the higher resolution

grid, the persistence of heavy precipitation is quite pronounced and
easily ldentifiable, as can be seen from the data listed in Fig. 8.

A six=hour total of 24 appears fo be a good threshold for indication

of heavy rains since that total would indicate an average hourly vatue
of MDR 4 (heavy Intensity}. In analyzing the cumulative MDR values,
the only squares which had six-hour totals of 24 were those in which
heavy rains were reported. The square in which persistence was best
demonstrated was D4 (which contains Bakersfield). Study of the fifteen~
hour pericd for all squares revealed thirfeen six-hour periods in which
MDR values totalled 24 or greater; Square D4 had eight of +those thirteen
cases. Actually, that square had a value of MDR > 4 for more than half
the period. This is quite significant considering the size of the
small squares,

CONCLUS ONS

[t is evident from comparisons in the preceding sections that increasing
the resolution by a factor of two, as is done with the smaller grid,



significantly improves the reliability of the system., The storm used
as an example shows this quite clearly because 1t was located near

the intersection of large squares; the smaller grid helped to remove
some of The uncertaini+ties, as can be seen by comparing Fig. 3 and
Fig. 7. |t 1s realized that quartering the present squares would
Increase the workload, However, there are ways a reduced grid size
could be used without drastically increasing fthe observer time or
communlcations toad.* One approach would be to quarter the regular
squares after the MDR values Indicate the possibility of heavy rains
and re-evaluate the data using the small squares to detect the per-—
sistence of echoes within a certain area of the "standard" (large} MDR
square. Another would be fo quarter the squares in which a particular
flood-prone area is situated. Indications are that use of a higher-
resolution grid would be quite valuable. However, it should be used
in the same manner as the standard MDR system, i.e., careful considera=-
tion should be given to the exlisting metecrological conditions and all
other avatllable information,

*{Editor's Note: NWS Headquarters is considering a change in the MOR
program whereby much more comprehensive data would be encoded in
digitat form, replacing the present "SD" or azimuth-range type of
report. Eliminating the present dual reporting system would help

to relieve problems of workload and communications. [+ is |1kely
that the grid size would approximate the one proposed in this paper.)
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